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. Abstract
The description of a multifluid code with anomalous transport
céefficients due to‘piasma instabilities self COnsisteﬁtly followed
in space and time is given. As an example we present simulations of
collidiné solaf wind étream;rs. The results compare favorably with

-the observations.



I. Introduction

Anomalous transport due to plasma microinstabilities has long
4been known to be of extreme importance in understanding the observations
of the solar wind plasma., Most theoretical approachés have been
directed towards the unders;anding of phenomena that can possib?y be
caus;d by instabilities or-plaéma processes® {iom heating, aﬁomalous
Waverdamping, ete. ). Such analytic treatments cam provide arrough
estimaté of the obsefvatioﬁs amd may constitute a useful and necessary
first step; but they will ultimafely break down becauss many different
plasma effects are acting at once and thgse efferts are not evolvipg
in a static spat{éliy uniform plaéma as is usuzlly assumed in thesel
appr;aches.' The macroscopic prapertigs and plaﬁmé microyroceséés evolve
together, feeding back into one. ancther, aﬁd a‘self-consistent model
ié necessary if the highly non~linear interplay of the interactioné is
‘to be describéd properly,

An increased understanding of the non-linear theory of instabiiities
and recent developmegts in computétional techﬁiques at NRL have maﬁe iﬁ?
possible to develop codes that c¢an perform such tasks. Theée have been 
applied Successfully to C.T.R; and laboratory shock problems.® In
this note we describe'éuch a model, which haé considerable flexibility.
for application to Solar wind problems. As an example we shall simulate
the interaction of cqlliding solar wind streams. |
iIQ~ Model |

Thé model'consisté of a sét of multifluid equétions, tﬁ be

integrated numerically, which self-consistently inélude the effects of

;



wave~particle interactions through anomalous transport terms. These

terms depend on the instabilities presént and evolve in time and space

as the macroscopic plasma parameters evolve, Although two dimensional

models are presentlf évailable at NRL, we westrict ourselves for sim-

plicity to a 1D set of equations in Cartesian geometry. .Each fluid

(i) is characterized by iﬁs drift velocity uj;‘its températufe Tj’

and 1ts dengity nJ which are functions of space and time. In addition,'
)

we foilow the evolution of the magnetic field B and the electric field

E. The coupled set of equations can be written:
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& multifluid description of the system coupled collisionally via

<

. R bn.uj OT. | - '
Without the terms —dang | =L s eguations (1-8) are simply
A A

a

qu, Tja given by the usual Spitzer values. In equation (5)'0ne can

insert any sources or sinks of energy the particular model may require,

dn.u, OT,

" as well as thermal conduction. The terms ._*“%mi B —
‘ : ot |y ot |,

- represent the effects of anomalous (collective ) processes and the
prescription empioyad in the code should be derived from independent
non-linear calculations. We have performed such work for gituations
where electrons and various ion species stream through each other,
The results have been reported in Ref, 4. 1In this code we have included
effects of the magnetized ion-ion two stream instability, the modified

two-stream instability and the beam cyclotron imstability, For these

instabilities, the momentum tramsfer terms take the form

bniui o . p. - o :
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where the subscript i refers to the ith ionm species,

J to the jth ion species and e to the electrons.

Py is the total mass
density, O

" the lower hybrid frequency, w e is the electron plasma-

frequency, and Fy and Fg(pi/pj) are factors of order unity,

‘These instabilitics operate wher local conditions are favorable.

The criteria for these instabilities are as follows:

oz . 12,5 (32 Y
(vi—vj) < pT (—81‘.‘ + neKBr:e

] Ion-Ton Instability
T, T,
._l(B_..I.'..._And k‘BJ <(v ,.v_)‘g
m, —_ mj oo i ]

S - ). Modified Two-Stream
—_— - 12 '
m, ~ (Vi ve) ‘

-kBTe n,
— < (v,-v )R
m, n_o~ i e
i e ,
0 . , © ) Beam Cyclotron
T —=> 6,25 T, o 1 '
e m, i

Most of the ion heating in the simulations to be dégcribed will be

Vduelto the ion-ion instability.'



I1I. Macfostruqtufé éf_Colliding Strezmers

Using the above model, we proceeded to simulate the regions'in
the interplanetéry plasma where fast plasma streams collide with slower
ones.” We employed a three fluid model, one fluid representing the
fast streaming ions, one the slow ions,land one the electrons. The
simulaiion was performed in the reference frame of fhe slower moving
-ﬁlaama, and the initial configuraﬁion is shown in Figure 1. Figures 2
- and 3% show-thé subgequent evolution in timerand space, and the agree-
mert with repo:téd measurements is remarkable. In order to demonstrate
the‘éﬁfécts of the anopalous ﬁaﬁms, we equated them to zero in an

L

otherwise identical simulation, and the results, shown in Figure U,

1

and are in total disagreement with the observed ion heating. The
- densities, velocitigs and temperafures plotted in Figures l-4 are total
quantities,.sﬁmmed over both ion sPecies;

In order to demonstrate the mass—dgpendent“différential ion heating
cauéed by the instabilities, we performed simulations with proton and -
alpha particie "fast" streams interactingAwith a proton'baékground.
Temperatureé of the individual species are shown in Figure 5 for the
profon—proton casé, and in Figure 6 fof the alphafproton case, In ‘
agreemenf with measurements, T /T, ~ h,
1V. Microstructure after the Interaction

The multifluid approach; while it‘provides a measure of the
thermalization and of the_relativé stfeaming-and thermal energies,
cannot give'é description of the wvelocity distribution funcfion. How-
evé.r, éince we c_;én- find the dominant ‘therma.ization mechanism from the

multifluid caleulation, we can préceed to simulate that particular

N

7 .



instability in a particle cc;de6 to find the iqn velocity distribution
function after thermalization., Figure 7 shows the ién distriﬁution
before and after_thermalization.. In the latter case, ghe distribution
function is similar to the one measured by Feldman;T Cuae should note
that.this distribution is no longer unstable; buf is marginally stable,
and will persist over a co¥1is;anal time écale, the ions sfreaming
down Ehé field lines in a one-fiuid fashion;. What Feldman.sees'ié the
résult:of a short wavelength (kRi <<.l) instability ﬁhich ﬁccurred

at the colliding streamer region and subsequently drifted away.

Conclusions .

ge believe that the multifluid approach outlined here is, at
-this time, the most poﬁerful tool with which a comparison of the
ob;ervafions of the solar windlélasﬁa and the various théoriés can
.ﬁe accomplished. The model is flexible enough such that aﬁy addi-
tionai processes reléVant to the particular proglgm can be incofpor—‘
ated, The example_which‘we ﬁresented shows clearly how a coﬁbination
of multifluid'and_particle co&és éan‘explain most of the features
~ observed in colliding solat wind streamers; énd.it'demonstfafes now

erroneous conclusions will be drawn if the plasma processes are

neglected, C : , B .
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Figure Captions

Magnetic field profiles and total ion temperature, velocity
and density profiles at t = 0, Background streamer partly
interpenetrated by "fast" streamer. A sharp initial density

- cutoff is assumed for the "fast'" streamer. An initial ion
temperature of 1 ev, is assumed,

Profiles at t = 10 seconds, for the case with plasma in-
stabilities operative,

Profiles at t = 20 éeconds, for the case with plasma in-
stabilities operafive,

Frofiles at t = 20 seconds, for the case with plasma in-
stabilities turned off. Ion heating results from simple
adiabatic compression..

‘Temperature profiles for the individual ion streams and for

the electrons at t = 5 seconds., Here a '"fast'" streamer
consisting of protons counterstreams with a proton back-
ground.

.Temperature profiles at,t = 5 seconds, for a "fast" alpha-
3

particle streamer counterstreaming with a proton background,
Ion velocity dlstrlbutlon functions before and after

thermalizarion via the magnetized ion-ion two stream
instability.
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Figure 2. With instabilities. t = 40 sec.
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